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Children's Exposure to Magnetic Fields
Produced by U.S.Television Sets Used for

Viewing Programs and PlayingVideo Games
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Two epidemiologic studies have reported increased risk of childhood leukemia associated with the
length of time children watched television (TV) programs or played video games connected to TV
sets. To evaluate magnetic field exposures resulting from these activities, the static, ELF, and VLF
magnetic fields produced by 72 TV sets used by children to watch TV programs and 34 TV sets
used to play video games were characterized in a field study conducted in Washington DC and its
Maryland suburbs. The resulting TV-specific magnetic field data were combined with information
collected through questionnaires to estimate the magnetic field exposure levels associated with TV
watching and video game playing. The geometric means of the ELF and VLF exposure levels so
calculated were 0.0091 and 0.0016mT, respectively, for children watching TV programs and 0.023
and 0.0038 mT, respectively, for children playing video games. Geometric means of ambient ELF
and VLF levels with TV sets turned off were 0.10 and 0.0027 mT, respectively. Summed over the
ELF frequency range (6±3066 Hz), the exposure levels were small compared to ambient levels.
However, in restricted ELF frequency ranges (120 Hz and 606±3066 Hz) and in the VLF band, TV
exposure levels were comparable to or larger than normal ambient levels. Even so, the strengths of
the 120 Hz or 606±3066 Hz components of TV fields were small relative to the overall ambient
levels. Consequently, our results provide little support for a linkage between childhood leukemia
and exposure to the ELF magnetic fields produced by TV sets. Our results do suggest that any
future research on possible health effects of magnetic fields from television sets might focus on
the VLF electric and magnetic fields produced by TV sets because of their enhanced ability
relative to ELF fields to induce electric currents. Bioelectromagnetics 21:214±227, 2000.
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INTRODUCTION

Two epidemiologic studies have reported asso-
ciations between childhood leukemia risk and
mothers' reports of their children's television (TV)
viewing [London et al., 1991; Hatch et al., 1998] and
use of TV sets for playing video games [Hatch et al.,
1998]. One interpretation of these results is that expo-
sure to the magnetic ®elds produced by TV sets and/or
the hardware (i.e., video game controllers, joy sticks,
power transformers) used to play video games is
related to leukemia risk. However, neither epidemio-
logic study obtained any direct measure of magnetic or
electric ®eld exposure associated with the use of these
appliances, so their exposure assessment was based
solely on questionnaire data.

There appear to be no published systematic
studies of the electric ®elds produced by television sets
and there are only two published studies of the

magnetic ®elds produced by these sources [Gauger,
1985; Preece et al., 1997]. Of the latter two, the ®rst
study [Gauger, 1985] evaluated ®ve television sets
located in homes. Gauger's measurement protocol
focused on identifying and measuring the strongest
magnetic ®elds produced by the various appliances he
studied. Consequently, the magnetic ®elds he mea-
sured were usually near the sides or rear of TV sets
rather than in front of the screen where a viewer would
normally sit. Even so, he found that magnetic ®elds
1 m from TV sets were less than about 0.2mT.
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Preece et al. [1997] measured the magnetic ®elds
produced by 73 television sets in homes located in
and near Bristol, England. These authors made an
approximate separation of the magnetic ®elds pro-
duced by the television sets under study from ®elds
produced by other sources. They reported the means�
standard deviations of the magnetic ®elds at distances
of 50 and 100 cm in front of TV sets to be
0.26� 0.11mT and 0.07� 0.04mT, respectively. Since
the television sets included in this study were
manufactured for the European market, it is unclear
how these data apply to US television sets.

Compared to TV sets, video display terminals
(VDTs) used with computers have been studied in
more depth [Harvey, 1982, 1983a,b, 1984; Stuchly
et al., 1983; Marha and Charron, 1985; Guy, 1987;
Jokela et al., 1989; Tofani and D'Amore, 1991;
SandstroÈm et al., 1993]. Some of these data will be
discussed later in this paper.

The purpose of the current study was to
characterize (1) the magnetic ®elds produced by a
sample of TV sets actually used by children to view
programs, (2) the magnetic ®elds produced by a
sample of TV sets and related equipment that children
used for playing video games, and (3) children's
exposures to these ®elds. The goal was to evaluate
whether observed epidemiologic associations between
childhood leukemia and time spent watching TV
programs or playing video games connected to TVs
were potentially related to magnetic ®eld exposures. A
key goal was the acquisition of data to enable a more
precise separation than has hitherto been possible of
the magnetic ®elds produced by television sets from
those produced by other residential sources. We did not
measure electric ®elds because (1) there are few data
suggesting that electric ®eld exposure affects cancer
incidence or progression in humans or animals [Portier
and Wolfe, 1998], (2) ELF electric ®elds produced by
TV sets are likely comparable to or smaller than
normal residential ambient levels at locations where
children sit while watching them [SandstroÈm et al.,
1993], and (3) because of the dif®culty of and lack of
standardization for making electric ®eld measurements
that properly take into account the perturbing effect of
the bodies of subjects [Kaune and Gillis, 1981; Deno
and Silva, 1984; Chartier et al., 1985].

MATERIALS AND METHODS

Subjects and Appliances

The sample consisted of the homes and children
of volunteers who were either employed by Westat,
Inc., or the National Cancer Institute or who learned

about the study from employees of these two
organizations. In all, 78 volunteer families with
children aged 3±14 years were enrolled in the study
during the summer of 1997. Volunteers were selected
without any reference to the types or numbers of TV
sets or video games they or their children used.

During an initial telephone interview of the 78
volunteers, TV sets and video games in each home
were inventoried. Next, the oldest TV set was identi-
®ed that was watched at least 2 h/week on average
during the past 12 months by at least one of the
children in the home. The oldest TV was selected for
magnetic ®eld measurements because the epidemiolo-
gical studies that found associations between chil-
dren's use of TV sets and leukemia [London et al.,
1991; Hatch et al., 1998] were conducted during the
1980's and early 1990's. Similarly, in families with
children who played video games, the oldest game
system was selected. Magnetic ®eld measurements
were made while children used their video game
system to play their most commonly used game.

Questionnaire

A brief questionnaire was administered to each
volunteer mother by a trained interviewer. First, the
names and ages were determined for each of
the children who watched the eligible TV or played
the eligible video game. Then, for each child, the
following information was collected: The mother's
estimate of the average daily time the child used the
TV set during the previous 12 months; the location of
child, as demonstrated by the child, while watching TV
or playing video games; the mother's agreement or
disagreement with the child about this location and, if
there was disagreement, the location where the mother
reported the child most often sat while watching TV
or playing video games. The ®eld technician then
measured the distance between the TVand the location
of the child. If mother and child agreed on this
location, only one distance measurement was made;
otherwise, two measurements were made.

Magnetic Characteristics of Television Sets

The primary source of the magnetic ®elds
produced in front of a TV set is the internal system
used to de¯ect the electron beam that forms the image
on the face of the picture tube of the unit. (A detailed
description of the operation of VDTs and TV sets is
given by Kavet and Tell [1991].) Beam de¯ection is
accomplished with two magnetic ®elds, one oriented in
the vertical direction to produce horizontal de¯ec-
tion of the electron beam, the other oriented in the
horizontal plane perpendicular to the axis of the
picture tube to produce vertical de¯ection. The
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temporal waveforms of these two ®elds are those
described as sawtooth waveforms (i.e., a linear rise in
time, starting from some initial value, followed by a
nearly instantaneous return to the starting point). It
requires approximately 63.5ms for the vertical ®eld to
complete one cycle, corresponding to a horizontal
de¯ection frequency of 15.75 kHz. The vertical
de¯ection frequency is 60 Hz. Since 60 Hz (and its
®rst 50 harmonics) fall in the ELF frequency range (3±
3000 Hz [IEEE, 1993]), it is convenient to refer to the
vertical de¯ection ®eld as the ELF ®eld produced by
TV sets. Similarly, since the horizontal de¯ection ®eld
is characterized by a base frequency of 15.75 kHz, it
will be designated the VLF ®eld, even though the
harmonics of 15.75 kHz really lie in the LF band (30±
300 kHz).

At any instant, the ELF or VLF ®eld produced by
either the horizontal or vertical de¯ection circuitry
can be described by the values of its three vector
components. All three components will exhibit a
sawtooth waveform. The overall magnitude of a
sawtooth magnetic ®eld waveform can be summarized
by the root-mean-square (rms) total ®eld strength, also
known as the broadband ®eld strength. This waveform
can also be decomposed into fundamental and
harmonic components by using the methods of Fourier
analysis [Mathews and Walker, 1965; CRC, 1978]. The
rms magnitudes of the broadband and harmonic
amplitudes are related. For example, for the ELF x
component, XELF � �np=

���
6
p �Xn, where XELF is the

broadband magnitude and Xn is the rms magnitude of
the nth harmonic. (Similar equations apply to the y and
z components.) We de®ne the resultant broadband
magnitude, TELF, of the ELF ®eld by the equation

TELF �
���������������������������������������
X2

ELF � Y2
ELF � Z2

ELF

p
and de®ne the resultant

value, Tn, of the nth harmonic in a similar way. Then, it
is easy to show that

TELF � np���
6
p Tn: �1�

Video Games

The typical video game evaluated in our study
consisted of a central electronics module connected to
the TV set, one or more game controllers (joy sticks),
and a power transformer plugged directly into a wall
outlet. The most common location for a game
module was on the ¯oor in front of the TV, but a
substantial number were also placed on TV sets.
Power transformers were normally located at wall
plugs close to TVs and were, therefore, relatively
remote from children playing games. The electronics

module, joy sticks, and power transformer will
collectively be referred to as video game hardware.
Game software, in the form of plug-in game cartridges,
is also required. All of our video game measurements
were taken while subjects were playing their favorite
game cartridges.

Magnetic Field Measurements

We used two different instruments to measure the
ELF and the VLF magnetic ®elds produced by TV sets.
Magnetic ®eld waveforms with frequencies ranging
from 0 through 3066 Hz were characterized using a
Multiwave II Waveform Capture System (Electric
Research and Management, State College, PA). We
programmed this instrument to measure and retain for
later analysis the instantaneous strengths of each of
the three vector components (i.e., the x, y, and z
components) of magnetic ®eld strength at a nominal
sampling rate per component of 6144 Hz. One com-
plete measurement actually consisted of 512 individual
samples, spanning a time interval of 83.3 ms, of the
three vector components of the magnetic ®eld. During
later analysis, the data resulting from each measure-
ment were Fourier transformed [Mathews and Walker,
1965] to obtain the strengths of the ®eld components
with frequencies falling in each of 255 frequency bins,
the ®rst extending from 0 to 6 Hz, the second from 6 to
18 Hz, the third from 18 to 30 Hz, and so on up to the
255th bin extending from 3054 to 3066 Hz. A `̀ spot''
Multiwave II measurement consisted of a sequence of
four measurements, each separated from the next by
10 s.

The Multiwave II unit was calibrated daily by
using a Helmholtz system that produced square wave
magnetic ®elds (fundamental frequency of 60 Hz)
with nominal resultant ®eld strengths of 2.5 and
50.0mT. The magnetic ®eld measurements made with
the Multiwave II unit were accurate to better than
� 5%.

We used a second meter (Model HI-3603,
Holaday Instruments, Eden Prairie, MN) with a
frequency bandwidth extending from 8 to 300 kHz to
directly measure the rms x, y, and z components of the
VLF magnetic ®elds produced by TV sets. The
estimated accuracy of this meter, as speci®ed by the
manufacturer, was � 10%.

Spot ELF and VLF measurements were obtained
at horizontal distances of 50, 100, 175 and 250 cm
from the screens of operating TV sets used for viewing
programs. All these measurements were at a height of
60 cm above the ¯oor. Additional ELF measurements
were taken 50 cm from the screens at elevations of 30
and 90 cm. To minimize the time required to collect the
magnetic ®eld data needed to characterize TV sets,
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background ELF and VLF measurements with the TV
set turned off were only taken 100 and 250 cm from
sets (elevation� 60 cm). Because we expected subjects
would sit closer to operating TV sets used for video
games, measurements were taken at horizontal dis-
tances of 25, 50, 100, and 200 cm (elevation� 60 cm).
Additional ELF measurements were taken at 50 cm
with elevations of 30 and 90 cm. Background mea-
surements were taken at 25 and 200 cm (eleva-
tion� 60 cm).

Aggregation of Frequency Spectra

Every Multiwave II spot measurement yielded a
frequency spectrum (i.e., a table or graph of magnetic
®eld strength vs. frequency) of the x, y, z, and resultant
®eld components for each of four serial measurements.
We expected that, while the magnitudes of the
magnetic ®elds produced by different TV sets would
vary, their frequency spectra would all be similar to the
spectra of an ideal saw-tooth waveform. To evaluate
the overall shape of the frequency spectra produced by
TV sets, we thus divided, for each TV set, the ®eld
strength measured in each frequency bin by the
strength of the 60 Hz component. We then aggregated
the normalized spectra from different TV sets by
computing the mean across TV sets of each frequency
component.

Summarization of Data and Hypothesis
Testing

The frequency distribution of magnetic ®eld data
taken in most environments is usually much closer to
being log normal than normal [Kaune et al., 1987;
Zaffanella, 1993]. This is also true for the magnetic
®eld data reported in this paper. Consequently,
magnetic ®eld data were summarized by using
geometric statistics. However, a careful scrutiny
usually showed that the actual distributions of
magnetic ®eld data departed from exact log normality.
Consequently, all of the analyses testing hypotheses
reported in this paper were made by using nonpara-
metric methods. The Wilcoxon signed-ranks test
[Sokal and Rohlf, 1995] was used to test for dif-
ferences between matched magnetic ®eld data mea-
sured with televisions turned on and then off. The
Kruskal±Wallis test [Sokal and Rohlf, 1995] was used
to perform tests of differences in unmatched data
strati®ed by a non-ordered group variable (e.g.,
comparison of magnetic ®elds produced by TV sets
used to watch programs and TV sets used for game
playing). Where independent variables were ordered
quantities (e.g., size of TV picture tube or age of TV
set), a nonparametric trend test [Cuzick, 1985] was
used.

Separation of Television and Background
Magnetic Fields

Because there are multiple sources of magnetic
®elds present in typical residences, the magnetic ®elds
produced by an individual source, such as a TV set, can
seldom be studied in isolation. Most residential
magnetic ®elds in the extremely low frequency
(ELF) range are produced by nearby electric power
lines, ground currents, and home appliances [Zaffa-
nella, 1993]. The frequency structure of these ®elds
usually contains a strong 60 Hz component and odd-
harmonic components (i.e., 180 Hz, 300 Hz, 420 Hz, ...)
whose strengths grow progressively weaker with
increasing frequency. For most residential sources, it
appears that the strengths of the even-harmonic
components are markedly smaller than those of nearby
odd-harmonic components [Zaffanella, 1989; also see
the ambient data presented later in this paper]. TV sets,
on the other hand, produce substantial even-harmonic
components, the strongest being at 120 Hz (Eq. (1)).
Thus, the `̀ cleanest'' samples we obtained of the
magnetic ®elds produced by TV sets were the 120 Hz
®eld components. We thus used these components to
separate the magnetic ®elds produced by ambient
sources from those produced by TV sets.

Let T120 and A120 be the magnitudes of the
120 Hz magnetic ®elds produced, respectively, by a
TV set under study and by other ambient sources. A120

was directly measured when the TV set was turned off
and B120, the magnitude of the vector sum of T120 and
A120, was measured when the TV was turned on. It is
easy to show that T120 must lie in the interval
�jB120 ÿ A120j; B120 � A120�. The midpoint and half-
width of this interval are, therefore, estimates of T120

and its associated uncertainty, eT. Taking into account
that B120 can be smaller than A120,

T120 � max�B120;A120�
eT � min�B120;Aÿ120�:

�2�

Background ®elds were only measured at dis-
tances of 100 and 250 cm from TV sets used for
viewing program materials and at 25 and 200 cm from
television sets used to play video games. Background
®elds at other points were estimated as a distance-
weighted average of the measured data. (Since the
average difference between the values of A120

measured at the two distances from TV sets was about
25%, and the ambient 120 Hz ®eld was only, on
average, 1±5% of the 120 Hz ®eld measured closest to
a TV when it was turned on, the inclusion of additional
background measurements at distances other than 100
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and 250 cm would not have substantially improved the
accuracy of the estimates obtained from Eq. (2).)

At distances from a TV set considerably larger
than the dimensions of the coils used to generate the
vertical and horizontal de¯ection magnetic ®elds, the
magnitude of the magnetic ®eld, T, produced by either
of them can be accurately approximated by the
formula T� a/r3 [Reitz and Milford, 1960], where a
is a constant and r is distance from the source. This
equation is equally applicable to the resultant broad-
band magnetic ®eld and to each of the frequency
components of the ®eld. Since we measured distance,
R, from the screen of each set's picture tube, r�R�R0

where R0 is the distance inside the set to the de¯ection
coils. Thus, the relation between R and the magnitude
of the 120 Hz component of the resultant magnetic
®eld produced by a TV set can be written as:

T120�R� � a120

�R� R0�3
: �3�

Using Eq. (3), we calculated values for T120(R) at
a height above the ¯oor of 60 cm and at the distances
from TV sets where ®eld measurements were made.
We then formed the weighted least squares sum

S �
X

R

1

e2
T

� �
T120�R� ÿ a120

�R� R0�3
" #2

: �4�

By placing the factor 1=e2
T in this sum, we

weighted more heavily those measurements that had
the least uncertainty introduced when background
®elds were subtracted. The values of a120 and R0 were
adjusted to minimize S. Then, we used Eq. (1), and Eq.
(3) to write

TELF�R� � p

���
2

3

r
a120

�R� R0�3
: �5�

The Holaday meter used to measure the VLF
magnetic ®elds produced by TV sets provided only the
rms ®eld strength across its bandwidth. While the
background magnetic ®eld was quite small at these
frequencies, the VLF signal from television sets was
also small, which made the background subtraction a
more signi®cant problem than when working with the
120 Hz ®eld components. We used the following
procedure for the analysis of the VLF data: Electro-
magnetic theory tells us that the VLF ®eld produced by

a TV set can also be written in the form shown in
Eq. (3) (with T120 and a120 replaced with TVLF and
aVLF). The horizontal de¯ection coils that produce the
VLF ®elds in front of a TV set are located close to the
vertical de¯ection coils, so R0 should have about the
same value for both the ELF and VLF ®elds. Thus,
since the background subtraction was much less of a
problem for the 120 Hz ELF analysis described above,
we used the value of R0 yielded by this analysis for the
VLF data. Then, because the background subtraction
was least signi®cant when R� 50 cm (or 25 cm for TV
sets used for video games), we estimated aVLF as
follows:

aVLF �
TVLF�R � 50 cm� � �50 cm� R0�3

for TV sets used for viewing programs

TVLF�R � 25 cm� � �25 cm� R0�3
for TV sets for playing video games

8>><>>:
�6�

where TVLF�R � 50 cm� and TVLF�R � 25 cm� are
measured ®eld strengths.

Estimating Children's Exposure Levels to the
Magnetic Fields Produced by TV Sets

Equation (5) and its VLF analogue, the ®tted
values for a120, aVLF, and R0, and questionnaire data on
the locations where children sat while using their TV
sets were used to calculate rms ELF and VLF magnetic
®elds produced by television sets at the locations
children sat while watching them or playing video
games with them.

RESULTS

Sampling Statistics

Magnetic ®eld measurements were made on 72
TV sets that were used by children to watch TV
programs. The mean estimated age of these TV sets
was 5.0 y with a standard deviation of 1.3 y (range 1±
7 y). Questionnaire data were obtained for 120 children
in relation to their use of these TV sets. The mean
number of children per home who supplied ques-
tionnaire data on their usage of a particular TV set was
1.67 (SD� 0.90). No questionnaire data were col-
lected for two TV sets whose magnetic ®elds were
measured during the pilot phase of the project. Thirty-
two TV sets were each watched by one child who
participated in the study, 30 sets were each watched by
two participating children, six sets by three children,
one set by four children, and one set by six children.
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A total of 34 TV set/video game systems were
measured. The mean age of the video game hardware
at the time it was measured was 6.2 y (SD� 0.8 y,
range 5±8 y). On the average, 1.1 questionnaire per
home (SD� 0.5) were collected for each measured
system. No questionnaire data were collected for two
video game systems. Twenty-nine systems were each
used by one child who participated in the study, two
systems were each used by two children, and one
system by three children.

Magnetic Field Frequency Spectra

Figure 1 shows aggregated normalized magnetic
®eld spectra measured with TV sets used for viewing
programs turned off (upper row) and on (lower row) at
a height of 60 cm above the ¯oor and various
horizontal distances from their screens. Spectra for
video games connected to TV sets were similar in
appearance (data not shown). The aggregated spectra
measured when TV sets were turned off exhibit similar
spectral patterns: The magnitude of the 180 Hz

component (3rd harmonic) was about 15% of the
magnitude of the 60 Hz (fundamental) component
while the 120 Hz component (second harmonic) was
only 3% of the fundamental. The prevalence of odd
harmonics in these spectra con®rms our earlier
statement that normal background ®elds consist
largely of the fundamental and odd harmonics of
60 Hz.

The lower rows of spectra in Figure 1 show
normalized data measured, respectively, with TV sets
turned on. The pattern was similar for video games
(data not shown). Note the presence of 2nd harmonic
(120 Hz), 4th harmonic (240 Hz), and higher even
harmonic magnetic ®elds, which are particularly
evident close to the TV sets. For example, at 50 cm
horizontally from operating TV sets (and 60 cm above
¯oor level), the magnitudes of the 120 Hz and 180 Hz
®eld components were 33% and 25% of the 60 Hz
component.

Measured ELF Magnetic Fields

Table 1 lists geometric means summarizing static
and ac magnetic ®elds measured near television sets
with these sets either turned off or on. The ®rst column
of means in the table, labeled 0±6 Hz, summarizes the
static ®elds. The values in this column are much larger
than the other values in the table because this
component of the magnetic ®eld includes the geomag-
netic ®eld produced by the earth. We found no
statistically signi®cant differences between static
®eld levels measured at 100 and 250 cm with tele-
vision sets switched on or off, indicating that these
appliances were not a measurable source of static
magnetic ®elds.

The second column of geometric means in
Table 1 lists the rms magnetic ®eld measured across
the entire broadband (6±3066 Hz) ELF bandwidth

Fig. 1. GraphsshowingaggregatednormalizedELFmagnetic field
frequency spectra measured at distances of 50, 100, 175, and
250 cm from television sets used for viewing programs. TV sets
were turnedoff whenthespectra in theupperrowwere taken.

TABLE 1. Geometric Means Summarizing ELF and VLF Magnetic Fields Measured Near 72 TV Sets Used for Viewing TV
Programs

Geometric mean magnetic ®eld (mT)
Distance from Height above

TV status TV (cm) ¯oor (cm) 0±6 Hz 6±3066 Hz 6±54 Hz 54±606 Hz 606±3066 Hz 120 Hz 8±200 kHz

on 50 30 52.2 0.215 0.0020 0.214 0.0100 0.0450
on 50 60 51.8 0.256 0.0023 0.255 0.0139 0.0655 0.0303
on 50 90 51.4 0.277 0.0023 0.275 0.0162 0.0785
off 100 60 51.8 0.102 0.0015 0.102 0.0030 0.0019 0.0026
on 100 60 51.9 0.138a 0.0017 0.138a 0.0051a 0.0186a 0.0106a

on 175 60 51.6 0.107 0.0016 0.106 0.0033 0.0057 0.0055
off 250 60 52.0 0.100 0.0021 0.098 0.0030 0.0018 0.0027
on 250 60 52.0 0.103 0.0020 0.101 0.0031b,c 0.0032a 0.0045a

aP < 10ÿ4, Wilcoxon signed-rank test, comparison between TV-on and TV-off measurements at same distance.
bP < 10ÿ2, Wilcoxon signed-rank test, comparison between TV-on and TV-off measurements at same distance.
c54 of 71 TV sets had larger TV-on than TV-off magnetic ®elds.
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covered by the Multiwave II magnetic ®eld measure-
ment system. Total magnetic ®eld strengths measured
50 cm in front of the screens of television sets were
substantially larger than ®elds measured at greater
distances. Since no TV-off measurements were made
at this distance, we could not directly determine
whether ®eld levels were elevated when TV sets were
turned on. However, since ®eld levels were elevated at
a distance of 100 cm, where both TV-on and TV-off
measurements were made (rows 4 and 5, Table 1), it is
clear that geometric mean ac magnetic ®eld levels
were elevated at 50 cm when TV sets were turned on.
At a distance of 250 cm, the geometric mean ac ®elds
measured with TV sets turned on and off were not
statistically signi®cantly different.

The next three columns in Table 1 present the
Multiwave II ac magnetic ®eld data subdivided into
three frequency ranges, the sub-power-frequency
range (6±54 Hz), the power-frequency range (54±
606 Hz), and the supra-power-frequency range (606±
3066 Hz). At distances of 100 and 250 cm from the TV
sets, there were no statistically signi®cant differences
between the TV-on and TV-off sub-power-frequency
magnetic ®elds. The power-frequency component was
signi®cantly elevated at 100 cm, but not at 250 cm. The
supra-power-frequency ®elds were signi®cantly ele-
vated at both distances (100 and 250 cm) when TV sets
were turned on. (The reader may wonder about the
250 cm result since the geometric mean magnetic
®elds listed in Table 1 differ by only 3%. However, the
Wilcoxon signed-rank test yields a P-value of .0021
and, because 54 of 71 sets had larger TV-on than TV-
off supra-power-frequency ®elds, a simple sign test
yields a P-value of 10ÿ5.)

The next column presents geometric mean
120 Hz magnetic ®eld levels measured at various

distances from TV sets. Note the striking increase in
120 Hz ®eld levels when TV sets were turned on. For
example, at 100 cm horizontally in front of TV sets and
60 cm above ¯oor level, geometric mean magnetic
®eld levels increased about 10 times over ambient
levels when TVs were turned on. This observation
illustrates why we concentrated on the 120 Hz
component to separate the magnetic ®elds produced
by TV sets from the ®elds produced by other ambient
sources.

The ®nal column in Table 1 summarizes the VLF
magnetic ®eld measurements near TV sets used for
viewing programs. At 100 cm from sets, the geometric
mean VLF magnetic ®eld was 0.0106mT when TV sets
were on and was 0.0026mT when sets were turned off.
This difference was statistically signi®cant, as was the
difference in ®eld strengths measured 250 cm from TV
sets.

Table 2 presents comparable data to those in
Table 1 for TV sets that were used by children to play
video games. Turning on and playing a TV/video game
system did not signi®cantly increase static (0±6 Hz)
magnetic ®eld levels at distances of 25 and 200 cm
from the units. However, at 25 cm, all time-varying
®eld components were signi®cantly increased when
the systems under test were turned on. At a distance of
200 cm, only the supra-power-frequency, 120 Hz, and
VLF ®eld components were signi®cantly increased by
playing video games.

ELF Magnetic Fields Produced by
Television Sets

This section presents the results of the ®tting
process, described earlier in Materials and Methods,
that was used to affect a separation of the magnetic
®elds produced by television sets from ®elds produced

TABLE 2. Geometric Means Summarizing ELF and VLF Magnetic Fields Measured Near 34 TV Sets Used for Playing Video
Games

Geometric mean magnetic ®eld (mT)
Distance from Height above

TV status TV (cm) ¯oor (cm) 0±6 Hz 6±3066 Hz 6±54 Hz 54±606 Hz 606±3066 Hz 120 Hz 8±200 kHz

off 25 60 52.2 0.108 0.0013 0.108 0.0029 0.0020 0.0034
on 25 60 52.0 0.515a 0.0059a 0.513a 0.0355a 0.1843a 0.0823a

on 50 30 52.9 0.191 0.0021 0.190 0.0103 0.0506
on 50 60 52.3 0.238 0.0027 0.237 0.0147 0.0741 0.0322
on 50 90 52.3 0.264 0.0029 0.264 0.0166 0.0845
on 100 60 53.0 0.116 0.0015 0.116 0.0050 0.0208 0.0104
off 200 60 52.8 0.078 0.0017 0.077 0.0028 0.0016 0.0031
on 200 60 53.0 0.086 0.0014 0.086 0.0029b,d 0.0046a 0.0043c

aP < 10ÿ4, Wilcoxon signed-rank test, comparison between TV-on and TV-off measurements at same distance.
bP < 10ÿ2, Wilcoxon signed-rank test, comparison between TV-on and TV-off measurements at same distance.
cP < 0.05, Wilcoxon signed-rank test, comparison between TV-on and TV-off measurements at same distance.
d26 of 34 TV sets had larger TV-on than TV-off magnetic ®elds.
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by other ambient sources. As described there, the
magnetic ®elds produced by TV sets were ®tted to a
theoretical form. With a few exceptions, the agreement
between calculated and measured data for each TV set
was very good. As a measure of `̀ goodness of ®t'', the
residual difference between ®tted and measured values
was calculated for each distance, and the `̀ error'' for
each TV set was de®ned as the standard deviation of
the residuals for that TV set. Except for three TV sets,
one used to watch programs and two used to play video
games, all ®tting errors were <0.005mT. Further
examination of the data for these three sets indicated
that the ®t for the one set used for viewing programs
was invalid because the ambient 120 Hz magnetic
®eld in this particular home was suf®ciently large
(� 0.012mT) to overwhelm the magnetic ®eld from the
TV set at distances in front of its screen of 100 cm and
larger. On the other hand, the data for the two TV sets
used for playing video games that had ®tting errors of
>0.005mT exhibited no behavior that, in our judgment,
justi®ed their exclusion, so they were included in all of
the results presented in this and later sections.

Table 3 presents geometric statistics summariz-
ing broadband ELF magnetic ®elds at distances of 25,
50, 100, 200, and 300 cm produced by TV sets used for
viewing programs and for playing video games. Note
that at 50 cm from TV sets, the geometric mean
magnetic ®elds were about 0.17±0.19mT, dropping
rapidly as distance from the set increased, so that at
300 cm from sets, the geometric mean rms ®eld was
only 0.004mT. There were no statistically signi®cant
differences between the magnetic ®elds calculated at
each distance for TV sets used for viewing pro-
grams and TV sets used for playing video games
(.20�P �.65, Kruskal±Wallis test).

The broadband ELF magnetic ®elds produced by
TV sets were evaluated according to brand, picture-
tube size, or age. The 71 TV sets used for viewing
programs included in this data set were sold under 23

brand names. Using the magnetic ®eld produced 50 cm
from each set as the dependent variable, there was no
substantial evidence that broadband ELF magnetic
®eld levels varied among brands (P�.15, Kruskal±
Wallis test). The average age of the TV sets at the time
of our measurements was 5.0 y (SD� 1.3 y). We found
no evidence that magnetic ®elds varied by age (P�.61,
nonparametric trend test), although the statistical
power to test this hypothesis was limited because of
the small dispersion in the ages of the TV sets included
in the study. In contrast, we did ®nd that TV screen size
(measured along the diagonal) was a signi®cant
determinant of the strength of the magnetic ®elds
produced by TV sets (P� 10ÿ5, nonparametric trend
test). TV sets with larger screens produced, on average,
larger magnetic ®elds at 50 cm from the units.

VLF Magnetic Fields Produced by
Television Sets

The broadband VLF TV magnetic ®eld data were
analyzed as described earlier. The agreement between
measured and calculated ®elds was not as good as that
found for the 120 Hz ®eld components because of the
presence of larger background ®elds. Thus, the data in
Table 4 summarizing the broadband VLF magnetic
®elds produced by TV sets are less reliable than the
ELF data presented in Table 3. There were no statisti-
cally signi®cant differences between the VLF mag-
netic ®elds calculated at each distance for TV sets used
for viewing programs and TV sets used for playing
video games (.33�P�.98, Kruskal±Wallis test).

The VLF magnetic ®eld levels at 50 cm from
each of the TV sets used for viewing program materials
did not differ signi®cantly among brand names
(P�.46, Kruskal±Wallis test) or TV-set age (P�.41,
nonparametric trend test). As was the case for the ELF
data, broadband VLF magnetic ®elds measured at
50 cm increased with increasing picture tube size
(P�.0062, nonparametric trend test).

TABLE 3. Broadband ELF Magnetic Fields Produced at Standard Distances From TV Sets Used for Viewing Programs and
Playing Video Games

TV sets used to view programs TV sets used to play video games

Distance from TV set Geometric mean Geometric Geometric mean Geometric
(cm) Na (mT) SD N (mT) SD

25 71 0.419 2.04 34 0.473 1.68
50 71 0.170 1.74 34 0.189 1.51
100 71 0.049 1.54 34 0.054 1.45
200 71 0.011 1.46 34 0.011 1.47
300 71 0.004 1.46 34 0.004 1.51

aData for one TV set included in Table 1 were dropped because it was not possible to accurately remove the background ambient magnetic
®eld.
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Children's Exposures to Television
Magnetic Fields

We now turn to the main goal of this paper:
estimating the magnetic ®eld from TV sets that
children are actually exposed to while watching TV
programs or playing video games connected to TVs.
Table 5 summarizes the distances between children
and TV sets. We found little difference between the
distance assessments based on children's and mothers'
questionnaire responses regarding the locations where
the former sat while using TV sets, because 151 of 156
responses by mothers agreed with their children's
identi®cations of locations where they sat while watch-
ing TV programs or while playing video games. Also
apparent from Table 5 is the substantially closer
distance of children to the TV sets used for playing

video games compared to their distances to TV sets used
to view programs (P<.0001, Kruskal±Wallis test).

Using the procedure described in Materials and
Methods, we calculated exposure values for 120
children who watched 70 television sets and 36
children who played 32 video games. The number of
TV sets and video games included in this calculation
are less than the total number that were measured
because we did not obtain questionnaire data for all.
Note that in all previous analyses reported in this
paper, the TV set (or TV set/video game) was the
fundamental unit of analysis. However, in this section,
the child is the unit of analysis, which means that some
TV sets that were used by more than one child
contributed multiply to the data in Table 6.

The distribution of broadband ELF and VLF
exposure levels for children that watched TV and

TABLE 4. Broadband VLF Magnetic Fields Produced at Standard Distances From TV Sets Used for Viewing Programs and
Playing Video Games

TV sets used to view programs TV sets used to play video games

Distance from TV set Geometric mean Geometric Geometric mean Geometric
(cm) Na (mT) SD N (mT) SD

25 71 0.0743 2.06 34 0.0823 2.26
50 71 0.0302 1.84 34 0.0329 2.04
100 71 0.0087 1.74 34 0.0093 1.90
200 71 0.0019 1.74 34 0.0020 1.85
300 71 0.0007 1.76 34 0.0007 1.84

aData for one TV set included in Table 1 were dropped because it was not possible to accurately remove the background ambient magnetic
®eld.

TABLE 5. Summary of Distances Between Children and TV Sets They Used for Viewing
Programs or Playing Video Games.a Children and Mothers Were Separately Asked to Specify
the Location of the Former During This Activity.

Mean SD Min Max
Child's activity Person specifying distance N (cm) (cm) (cm) (cm)

Viewing programs Child 120 231 95 74 540
Viewing programs Mother 120 229 94 74 540
Playing games Child 36 152 41 90 229
Playing games Mother 36 149 42 68 229

aData included for those children who watched TV sets whose magnetic ®elds could be isolated from
other ambient sources.

TABLE 6. Geometric Statistics Summarizing Broadband ELF and VLF RMS Magnetic Fields Produced at Locations Where
Children Normally Resided While Watching Television or Playing Video Games

Watching television Playing video game

Geometric mean Geometric Geometric mean Geometric
Frequency range N (mT) SD N (mT) SD

ELF 120 0.0091 3.01 36 0.0227 1.87
VLF 120 0.00157 3.23 36 0.00376 2.21
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children who used TV sets to play video games were
approximately log-normally distributed. Table 6 pre-
sents summary statistics for these exposure levels. The
ELF and VLF exposure levels while watching TV
programs was markedly more variable, but smaller on
average by about a factor of 2, than the exposure levels
while playing video games.

DISCUSSION AND CONCLUSIONS

The geometric mean magnitude of the back-
ground ELF (6±3066 Hz) magnetic ®eld (i.e., the
®eld measured with TV sets turned off) was about
0.08±0.1mT in the homes of subjects enrolled in
the study (Tables 1 and 2). These values are some-
what larger than typical values measured in the US.
For example, Swanson and Kaune [1999] surveyed
magnetic ®eld data for US residences and con-
cluded that the best estimate of the nation-wide
geometric mean residential magnetic ®eld was
about 0.06±0.07mT. Interestingly, in an earlier study
that we performed in the same geographical area
[Kaune et al., 1994], the geometric mean of the
ambient magnetic ®elds measured in the living
rooms (i.e., in the rooms most likely to contain TV
sets) of 29 homes was about 0.1 mT, also somewhat
elevated relative to the US estimates of Swanson and
Kaune. Perhaps background ambient ELF magnetic
®elds in residences located in Washington DC and
its Maryland suburbs may be larger than the US
national average.

Questionnaire-based assessment of magnetic
®eld exposures from TV sets might have substantial
errors, because of variability which is not accounted
for. The sources of variability include intrinsic
characteristics of TV sets such as their brand, size, or
age, and the distances between the subjects and their
TV sets on the other. Using the data gathered in this
study, we can evaluate the sizes of these sources of
variability. First, consider intrinsic TV characteristics.
The mean distance between subjects and TV sets used
to watch programs was 230 cm (Table 5). Table 3
shows that at a ®xed distance of 230 cm, the geometric
standard deviation of the magnetic ®elds produced by
71 TV sets was about 1.5. By comparison, the
geometric standard deviation of the ambient back-
ground magnetic ®elds measured in the study was
about 2.8. That is, variability associated with TV
characteristics was small compared to the natural
variability in non-TV ambient magnetic ®elds in
residences. This result suggests that it may not be
necessary to obtain information about most of the
characteristics of TV sets in a questionnaire-based TV
exposure assessment.

To examine the exposure variability associated
with distance, we used Eq. (5) to calculate the
magnetic ®eld at the locations of the 120 children
enrolled in the study relative to a single `̀ typical'' TV
set with R0 and aELF set equal to average values for all
the TV sets included in the study. The geometric
standard deviation of the resulting exposure distribu-
tion was about 2.9, a value that is comparable to the
variability in the ambient magnetic ®elds in residences.
This result suggests that it is important to account for
the distance between children and the TV sets they are
watching when assessing their exposure to the
magnetic ®elds produced by these sources.

The magnetic ®elds produced by TV set/video
game systems could in principle have been different
from those associated with the sets used for watching
TV programs. However, as noted earlier, magnetic
®eld levels measured at distances of 50 and 100 cm
from the screens of TV sets were the same regardless
of whether they were used to view programs or play
games. This result suggests, but does not conclusively
prove, that all magnetic ®elds produced by the game
hardware needed to play video games were small in
magnitude compared to the ®elds produced by TV sets.
Yet, children's magnetic ®eld exposure levels were
larger, by about a factor of 2.3, when children used TV
sets to play video games than when they watched TV
programs. The major reason for this difference was
because children sat about 75 cm closer, on average, to
their TV sets while playing games than while watching
TV programs (Table 5).

The geometric mean ELF magnetic ®eld expo-
sure levels for TVs used to watch programs
(0.0091mT) and play video games (0.0227mT) were
quite small compared to typical ambient levels in US
homes. Geometric mean ambient levels measured in
the homes in this study with TV sets switched off were
approximately 0.1mT, 11 times larger than the
geometric mean ELF magnetic ®eld exposure levels
attributable to TV watching and about ®ve times larger
than geometric mean exposure levels attributable to
video game playing. That is, children's overall ELF
exposure levels were only very slightly affected by
exposures from TV sets.

On the other hand, our ®ndings show that the
frequency spectra of the magnetic ®elds produced by
TV sets were different in several respects from the
spectra of typical ambient magnetic ®elds. In parti-
cular, the magnetic ®elds produced by TV sets
included components at frequencies where ambient
magnetic ®elds were usually very small. First, consider
the second harmonic ELF magnetic ®eld at 120 Hz. In
the ambient magnetic ®eld data acquired when TV sets
were turned off, the geometric mean of the 120 Hz
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components is about 0.0018mT, about 1.8% of the size
of the overall geometric mean ELF magnetic ®eld. If
we assume this ratio is representative of the entire US,
we may estimate that the geometric mean ambient
120 Hz magnetic ®eld in this population is about
0.001 mT (i.e., 1.8% of the national value estimated by
Swanson and Kaune [1999]). We may also estimate
exposure levels for 120 Hz magnetic ®elds produced
by TV sets. Equation (1) indicates that the ratio of the
120 Hz components to the broadband ELF components
of the magnetic ®elds produced by TV sets will be
0.39. Applying this to the ELF exposure levels listed in
the ®rst row of Table 6, we estimate that exposure
levels to the 120 Hz magnetic ®elds produced by TV
sets will be about 0.004mT when TV sets are being
used to watch programs and about 0.009 mT when they
are being used to play video games. Both of these
values are signi®cantly larger, by factors of about 3 and
7, than the ambient 120 Hz magnetic ®eld we just
estimated, indicating that TV sets will signi®cantly
elevate the total residential 120 Hz magnetic ®eld
exposure levels while they are turned on.

However, even though people's exposure levels
to 120 Hz magnetic ®elds are increased in most homes
when they watch television sets, the geometric mean
size of these levels (0.004±0.009mT) is still small
relative to overall broadband ELF magnetic ®eld
levels in homes (about 0.065mT). Thus, it seems
unlikely that these ®elds could have any biological
impact unless some part of the body has a substantially
enhanced sensitivity to 120 Hz compared to other
frequencies, especially 60 Hz. At this time, it would be
highly speculative to assume that such a `̀ resonance''
exists.

Next, consider the frequency band extending
from 606±3066 Hz. According to Tables 1 and 2,
ambient background levels are about 0.003mT. With
the notation of Eq. (1), the rms magnetic ®eld, Tsupra, in
this frequency range produced by TV sets is Tsupra �������������������������P51

n�11�Tn�2
q

� �TELF
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=p�
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. Carry-

ing out this calculation by using values for TELF from
Table 6, we estimate geometric mean exposure levels
for children watching TV programs and playing video
games of 0.002 and 0.005 mT, respectively. These
values are comparable to, or larger than, the back-
ground levels in this frequency band. Again, these
values are small relative to normal broadband ELF
levels found in homes. However, magnetic ®elds also
induce electric ®elds and currents inside conducting
bodies, and the strength of these induced components
is directly proportional to frequency. Consequently,
induced current densities, Jsupra, in the human body in
the 606±3066 Hz frequency range can be written as

Jsupra �
�������������������������������������P51

n�11�gnno60Tn�2
q

, where gn is a func-
tion that depends on position within the body and
tissue impedances and o60 is the angular frequency
of the 60 Hz fundamental. In the ELF range, it is
reasonable to approximate gn as independent of
frequency [Kaune and Gillis, 1981]. Thus, using Eq.
(1) again,

Jsupra � g60o60�TELF
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Similarly, the current induced by a 60 Hz
magnetic ®eld with the same spatial structure would
be J60 � g60o60T60. Thus, the 60 Hz magnetic ®eld
that would be required to induce in the body the same
magnitude of current as the geometric mean 606±
3066 Hz magnetic ®elds produced by actual TV sets
used to watch programs or play video games, would be
T60 � TELF

��������
246
p

=p � 0:045mT or 0:11 mT, respec-
tively, values that are comparable in size to broadband
ambient levels in US residences.

The geometric mean VLF background magnetic
®elds measured near TV sets when turned off was
about 0.003 mT (Tables 1 and 2). On the other hand, the
VLF magnetic ®eld exposure levels we calculated for
TV use were 0.0016 mT while watching programs and
0.0038mT while playing games (Table 6). These values
are large enough to conclude that TV watching and, to
a greater extent, playing video games measurably
elevated VLF magnetic ®eld exposures to our study
population relative to background levels. Taking into
account the higher frequencies of these components,
we calculate that the levels of the currents induced by
VLF magnetic ®eld exposures to children watching TV
programs or playing video games are equivalent to
those induced by a TV producing, respectively, a
0.4mT or 1.0mT ELF magnetic ®eld. In other words,
the currents induced in children by the VLF magnetic
®elds produced by TV sets will be much larger, by
about a factor of 50, than the currents induced by the
ELF components produced by these sources. Further-
more, one can show that VLF induced currents,
including all frequency components in the bandwidth
8±200 kHz, will be similar in size to those induced by
a 1 to 3mT 60 Hz magnetic ®eld. That is, induced VLF
currents from TV sets will be much larger in size than
those induced by background levels of 60 Hz magnetic
®elds.

The magnitude of the static component of the
magnetic ®eld measured near TV sets, whether they
were turned off or on, was about 52mT. Since the major
source of this component of the total magnetic ®elds
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was the earth, it is interesting to compare our measured
value with the nominal geomagnetic ®eld for Washing-
ton DC and its Maryland suburbs. During the summer
of 1997, this component was 54.0mT [NGDC, 1990],
about 4% larger than the measured values. Thus, it
appears that, on average, static magnetic ®elds inside
homes were slightly lower than values outside, which
suggests that some of the materials from which homes
in this area are constructed may provide a small
amount of magnetic ®eld shielding.

Based on questionnaire data, Hatch et al. [1998]
reported associations between the use of TV sets for
watching programs by children and increased risk of
acute lymphoblastic leukemia in a large epidemiologic
study (640 matched case±control pairs) conducted in
nine midwestern and mid-Atlantic states. In this study,
mothers reported distances between subjects and the
TV sets they watched or used to play games as `̀ <4
feet (<1.2 m),'' `̀ 4±6 feet (1.2±1.8 m),'' and `̀ � 6 feet
(�1.8 m)''. In an additional analysis, we examined
magnetic ®eld exposures for these same categories.
The ®rst three rows of data in Table 7 list the resulting
geometric-mean ELF exposure levels, and the second
three rows VLF exposure levels. For children watching
TV programs, both ELF and VLF magnetic ®eld
exposures drop by more than a factor of 10 between the
distance categories `̀ <4'' and `̀ � 6 feet.'' In other
words, if the underlying factor that explains the
association between TV usage and childhood leukemia
risk observed by Hatch et al. [1998] is the magnetic
®elds produced by these appliances, risks likely would
be markedly stronger in the `̀ <4 feet'' than in the `̀ � 6
feet'' category. Yet, Hatch et al. found similar risks in
these two categories for those children who watched
television the most. That is, for TV usage of more than
6 h/day, children who sat <4 feet and children who sat
� 6 feet away from TV sets had relative risks of
contracting leukemia of 4.39 (95% CI� 1.75±11.04)
and 4.67 (95% CI� 1.64±13.36), respectively, both
about equally elevated relative to the baseline level for
children who sat � 6 feet while watching TV less than
2 h/day. The similarity of these risk estimates in dis-

tance strata with such widely varying exposure levels
suggests that the magnetic ®elds emitted by TV sets
are unlikely to explain the signi®cantly elevated
leukemia risks observed by Hatch et al. [1998].

However, it is also conceivable that these results
indicate the presence of a dose±response curve where,
once magnetic ®eld exposure exceeds some threshold
level, its magnitude is no longer important. If so,
because the overall ELF TV exposure levels we
calculated were small relative to ambient levels, it is
tempting to suggest that the biologically important
aspect of TV exposure may be its 120 Hz component,
its 606±3066 Hz component, or its VLF component,
all of which fall at frequencies where ambient levels
are relatively smaller. The ®rst candidate, 120 Hz
magnetic ®elds, does not seem very plausible because
of its very small magnitude relative to overall ELF
background levels, although some sort of resonance
phenomena could conceivably explain enhanced
sensitivity at this frequency. Even though still small
with respect to background ELF levels, the second
candidate is perhaps more plausible because currents
induced in the bodies of children by the 606±3066 Hz
magnetic ®elds produced by TV sets will be compar-
able in size to currents induced by background
ELF ®elds. The ®nal candidate is the VLF ®elds
produced by TV sets. The magnitude of these ®elds are
also small (0.002 and 0.004 mT for TV sets used to
view programs and play video games, respectively) but
their ability to induce current and electric ®elds in the
human body is greatly magni®ed because of their
much higher frequency relative to ELF ®elds. Future
investigations of the associations between disease and
TVuse and video game playing reported by Hatch et al.
[1998] might, therefore, choose to concentrate on the
VLF magnetic ®elds emitted by these sources.

Even though there are no substantial data
suggesting that electric ®eld exposure can affect
human carcinogenesis [Portier and Wolfe, 1998], it is
of course possible that epidemiologic results linking
childhood leukemia with TV watching might be
pointing to such an effect. The electric ®elds emitted

TABLE 7. Geometric Mean Broadband ELF and VLF Magnetic Field Exposure Levels
Attributable to TV Watching by Children. Data are Strati®ed by Distance Between Subjects
and TV Sets They Used.

Geometric mean
Frequency range Distance from TV N (mT) Geometric SD

ELF <4 feet (1.2 m) 16 0.056 1.79
ELF 4±6 feet (1.2±1.8 m) 28 0.020 1.52
ELF >6 feet (1.8 m) 76 0.005 1.87
VLF <4 feet 16 0.0102 1.93
VLF 4±6 feet 28 0.0034 1.80
VLF >6 feet 76 0.0008 2.08
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by VDTs have been studied by several groups. As
noted earlier, Harvey [1983b] reported unperturbed
(i.e., unaffected by the body of user) ELF and VLF
electric ®eld levels 30 cm from the screens of VDTs of
1.0±6.5 and 0.4±3.5 V/m, respectively. SandstroÈm et
al. [1993] reported that perturbed electric ®elds 50 cm
in front of the screens of VDTs were too small to alter
substantially the ambient levels in the of®ces they
studied, which were in the range 10±100 V/m. It is not
clear how to convert these data to unperturbed values.
Evidently, the weight of available evidence suggests
that ELF electric ®elds close to the screens of VDTs
are comparable to or smaller than typical ambient
levels. We are aware of only one report describing the
electric ®elds produced by TV sets, and this report
presents data for a single color TV set [Harvey, 1982].
This author reported that ELF and VLF electric ®elds
measured 120 cm from a TV set were comparable in
strength to the ®elds produced 30 cm from VDTs.
Since most children sit at least this far from their TV
sets (Table 5), it seems likely that their exposures to the
ELF electric ®elds produced by these sources were
comparable to or smaller than exposures to normal
ambient levels.

We obtained no measurements of the levels of
ambient VLF electric ®elds, but it seems very likely
that the levels produced by TV sets (0.4±3.5 V/m
[Harvey, 1983b]) are larger and are certainly capable
of inducing larger currents in the body than the ELF
electric ®elds produced by these sources. Thus, similar
to our conclusion regarding magnetic ®elds, it seems
appropriate to recommend that future studies consider
including assessment of VLF electric ®elds from TV
sets.

Finally, we note that our main results assume that
children provided accurate responses regarding where
they sat while watching TV or playing video games.
Since we directly asked children about their current,
rather than their historical, behavior in this regard and
since we measured the distances between TV sets and
the locations speci®ed by the subjects, we have no
reason to think that our distance data are not accurate.

In summary, this large comprehensive measure-
ment study indicates that children's exposures to the
magnetic ®elds produced by TV sets in the ELF range
are small compared to normal ambient levels from
other sources. The results of our quantitative study
substantially reduce the likelihood that associations
between TV use and childhood leukemia observed in
epidemiologic studies are due to the magnetic ®elds
produced by these appliances, although one may
speculate that these associations could be indicative
of a relation between leukemia and exposure to
120 Hz, 606±3066 Hz, and/or VLF electric or mag-

netic ®elds. Of these, VLF ®elds may be the most
plausible candidate because currents induced in the
body by these ®elds are markedly larger than those
induced by the ELF ®elds produced by TV sets and by
normal residential background magnetic ®elds.

Since the results reported in this study were
obtained using a volunteer sample of families living
in the Washington DC and its Maryland suburban
areas, the ®ndings require con®rmation in other
populations.
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